ABSTRACT
INTRODUCTION
ngineering is vital to future economic growth of the US and the world. The globalization of the business environment demands that engineers be equipped with new sets of skills. Some of importantinfluential roles in the recruitment challenges and attrition rates in engineering programs.
The Texas Higher Education Coordinating Board (THECB) has a variety of outreach programs aimed at "Closing the Gaps by 2015" across a wide range of STEM fields in higher education [3] . One of these outreach programs is Engineering Summer Program (ESP). This paper reports the collaborative work between Engineering and Art and Design schools at Texas State University-San Marcos to teach engineering skills and functions to middle school and high school students through an art-themed bridge design project in the form of a one week summer research camp. The goal of this research camp was to address the serious misperceptions about engineering as well as the problem of low participation of underrepresented groups and women in engineering. The objectives of this program were to:

Familiarize high school students and teachers with engineering concepts and tools  Teach scientific and technological concepts to middle and high school students by use of hands-on engineering skills in an art themed, fun, competitive, and team working environment  Introduce participants to creativity within engineering projects and combine engineering principles with artistic design  Raise awareness of local engineering majors through campus-based summer programs
The introduction of artistic concepts into an engineering research project expands the understanding of human factors in engineered works. For example, the work scope for this research camp expanded beyond its traditional focus on engineering function to include aesthetics as well as user and bystander perspectives into the design process. This inclusion of a wider range of perspective, in turn, tends to strengthen appreciation for the role of engineering to society.
The rest of this paper is organized as follows. In section 2, the theoretical foundation and recent works of the engineering and art interrelationship is presented. In section 3, method including topics, content, and activities are illustrated. Evaluation method and resulted are shown in sections 4 and 5 respectively. Section 6 includes the conclusions.
THEORETICAL FOUNDATION AND RECENT WORKS
The idea that each side of the brain has a different way of thinking was first proposed by Roger Sperry in 1960s. For this work he received a Nobel Prize in Medicine in 1981 [4] . Sperry found that the right side of the brain is visual and processes information in an intuitive and simultaneous way. The "right side" examines the whole picture first, and then the details. It processes ideas simultaneously, makes lateral connections from information, and focuses on images and patterns. The left side of the brain is verbal and processes information in an analytical and sequential way. It observes the pieces and then puts them together, and it focuses on details, makes logical deductions from information, and focuses on words, symbols, and numbers [5] .
People in different professions characteristically use either the left or the right brain. Creative artists use the right side of the brain more than the left side. When they begin an art work (e.g., sculpture, painting, etc.) they usually visualize the final form in their mind and then work on details such as elements, matching, colors, etc. [5] . On the other hand, people with professions such as "accounting, law, and economics who use the linear, logical functions" use the left side of the brain more than the right side [6].
According to Professor Brent Strong, engineers can be categorized into three groups: 1. Implementers (leftbrain thinkers) who are focused, skillful in a particular field, read strongly in their field, and are hired into jobs where they use these skills; 2. Innovators (right brain thinkers) who do not have a specific, well-defined task (e.g., new product development, leader), are flexible, read widely and avidly, and usually learn innovative skills independently; and 3. Slugs who rarely read [7] .
While jobs for left-brainers (like accounting, law, and computer programming) are important and are still available, many of these occupations face increasing automation, cheaper labor markets and therefore are vulnerable in the current American marketplace to overseas outsourcing. [6] . In his recent book A Whole New Mind: Why Right Brainers Will Rule the Future, Daniel Pink says that the importance of right-brainers and non-linear, creative, wholistic thinkers such as artists and designers is becoming more obvious to society every day [8] . Concerning engineering, Pink believes that the only engineers who are thriving are those who can do the "basic engineering," and also have "good communication skills," "good inventive skills," and can "understand design." They are "multicultural" and/or "multilingual," and "they have a much more robust set of abilities." In his research he found that many successful people in left-brain jobs have had some background in fine arts. He believes such a background has assisted them to become better leaders, better team members, and better decision maker/problem solvers. Many of these findings are not new for people in arts. Many art teachers believe these are the things they have done for decades [6] Drawing (2002) has proposed different techniques and exercises to assist people who previously believed they were incapable of drawing [9] and [10] .
A few other initiatives have bridged the gap between science and art. For instance, in his recent book Artscience: Creativity in the Post Google Generation, David Edwards, a professor of biomedical engineering at Harvard, addressed the importance of making bridges between academic, industrial, social, and cultural disciplines as a means for creating high-impact ideas. He believes that some original scientific/artistic works have been made possible only after their innovator/creator has crossed the science/art dividing border. He also thinks that lowering institutional barriers will fuel innovation and cross-disciplinary ideas [11] .
PROGRAM DESCRIPTION
This outreach summer camp research project was offered to 20 middle and high school students who participated in a seven-day research camp. Accepted participants included 10 male and 10 female students and a high school science teacher.
Under this research program students initially learned the following engineering, science, and art related topics: The participating students were then assigned a pedestrian bridge design project s over the San Marcos River by incorporating artistic aspects into engineering performance measures.
Through a field trip to the San Marcos river, they practically observed the site and finished measuring important physical specifications (i.e., water flow rate, depth, and width) of the river for the bridge design. Once a basic bridge type was selected, the students learned and used Inventor Autodesk software to design the bridge. Students were given time to select and address artistic design considerations that implemented the art principles and elements of design.
Then the bridges designed by this software, were subjected to simulated loads using built-in Finite Element Analysis (FEA) software (Ansys) to determine if it would be strong enough for the projected loads. Once a bridge design passed the simulated strength test, students learned about Artistic Elements. Prepared presentations addressed the artistic design process (e.g., how ideas are generated for artwork) and introduced participants to the organizing principles and artistic elements of design [12] . Student working groups picked a space and created a form (bridge).
During engineering design project work sessions, artistic aspects were discussed and reinforced with the art instructor. Texture, color, light, as well as time and movement were incorporated into the bridge designs, as selected by individual working groups. Then, the bridge design was transferred to the ZEdit software for adding color and texture, and finally a model bridge was built by the Zcorp 450 rapid prototyping machine. This model was then completed by landscaping. Students also received an overview of different mechanical tests.
The overview included theory, standard, equipment, and test method for tension, compression, shear, impact, and fatigue tests. For the hands-on activity in this section, instead of breaking their model bridge, they tested smaller sample parts. The Figure 1 illustrates some of the activities in this program. Students in each team also prepared a poster that summarized the entire camp activities. A panel of experts including various faculty from engineering and art programs as well as experts from industry sector and a product designer and innovator evaluated the final projects. There presentation followed by question/answer and comments from the panel. During this camp, some other activities included visiting labs and workshops in engineering, technology, and art departments, playing videos on world's famous bridge designs, and guest speaker. 
Activity

EVALUATION METHOD
Pre-and post-program surveys were conducted for all participants. In pre-program survey, students provided basic demographic information and were asked about their understanding about engineering and art functions, their interest in higher education in engineering and science programs, and their skills levels in each topic to be covered during the research camp (Appendix A). Post program survey included similar questions as preprogram survey plus some additional questions regarding their degree of satisfaction of this research camp (Appendix B). Paired t-test statistical tool was used to compare the quantitative sections of the pre/post surveys (Appendix C).
In addition, an outside observer came into observe a portion of one day of research and planning. Observation included: Classroom and student interaction dynamics, student teamwork, informal discussions with students and faculty about their experiences during the course of the camp. The purpose of this observation was twofold: to gauge the level of student engagement and identify elements of the program appear to raise student's interests and alter perceptions of both engineering and art.
RESULTS
At the end of the program, students demonstrated their bridges, landscapes, and posters and also presented their approach and results. All bridges were designed in real world sizes and specification and the minimum safety factor for the bridges for the most extreme conditions (windy day, highest level of water flow, and 200 people on the bridge) was 15. All bridges then were prototyped in the smaller scale. Artistic features and aspects were explained by student participants in end-of-camp presentations.
Student designs included inherent color and natural texture of the building materials to blend with the surroundings. In one pedestrian bridge, applied color to the underside resulted in a visual contrast to the stone that invites viewers to explore the underside as one would do on the river in a canoe or inner tube. Students also found creative ways to use space, such as a bridge design that provided a pedestrian overpass on two levels, one at street level and another at the river bank level. Other designs engaged the viewer by integrating a central platform space on which pedestrians can stop to reflect on the surroundings. As an engineered structure intended to promote pedestrian transportation, one bridge incorporated repetition with curvilinear shaped railings to enhance the overall form and visual movement thereby reinforcing its engineered purpose.
Because of the high quality of the projects and presentations, panel of experts unanimously decided to select all four teams as winners of this year research camp.
Qualitative results from paired t-test statistical tool illustrated that in the areas of technical tools and methods (CAD, FEA, RP, mechanical properties, principles of design, and tests), students' knowledge and skills increased significantly. Also, the knowledge of the students about engineering, manufacturing engineering, and art and design tasks and functions as a career, increased significantly. Also, for the questions regarding their interest to continue their higher education and continue their higher education in the field of manufacturing engineering the results shows significant increase in their interests. For the questions regarding their interest to continue their higher education in the STEM (science, engineering, technology, and mathematics) fields and also continue their higher education at Texas State University, the results show increase in their interests but not statistically significant. Additionally, there were some courses only in the post program survey. For the questions if the take any engineering and fine art courses (if available) in their high school and if they recommend this camp to their friends, average ratings were 9, 8.3, and 8.7 (out of 10) respectively. Also, on a scale of 1-10 (1=didn't like it, 10= loved it), the ratings averages for the camp components including, Engineering Lectures, Art Lectures, CAD Design, Tours (river, engineering, art, and material testing labs), Team Lab Work, and Poster Preparation and Presentation, were all between 7 and 9 (Appendix C).The answers for the qualitative questions including the connection between art and engineering, what they learned about the engineering process, the process of creativity and making art, and the team working and team management, compared to pre program survey, were generally satisfactory and rational (Appendix D and E).
Camp observation suggested a few key features that increase student engagement:
1.
Students, in general, expressed positive attitudes toward being given a project goal and then working in independent teams to achieve that goal. 2.
Students were most engaged when working in the lab on the project and expressed positive attitudes toward learning and mastering the software associated in the project development.
3.
When asked about the decision to attend the camp, 100% (3) of the female students indicated they were interested in the artistic component of the camp, while two thirds (4) of the male students were interested in learning the computer programs.
CONCLUSIONS AND DISCUSSIONS
Based on the surveys and the quality of the projects assessed by the panel of experts and the program instructors, this program successfully introduced key engineering and art principles to students. The program content and duration was sufficient to familiarize a group of students with engineering tools and methods in a hands-on approach and the work was exposed to many more students through the teacher and the participants' network of friends. By factoring in artistic design considerations, student teams appeared to generate more creative solutions for pedestrian bridges.
One weakness that will be addressed later was the low number of student participants in this pilot of the program. The original intent was to target up to 20 students representing demographics of populations traditionally under-represented in engineering programs. The demographic distribution of the students includes 50% female and 25% Hispanic. Future efforts to recruit these populations will be addressed through earlier and more target outreach described below.
In all pre-post survey questions results show the increase of understanding and interest about the engineering education and career. One explanation why the students' interest in pursuing higher education in science and engineering "increased although the increase was not statistically significant" is that this group was not some random selected students from the entire school population. In contrast, they were all volunteers with overall strong grade point averages. Such students usually have good plan about their higher education and career from their early years of high school. However, even with this select population of students, it was clear from survey responses that student perceptions about engineering were changes. A typical response to this question is as follows: "I learned that the engineering process takes time & is best accomplished through trial & error. Engineering allows our society to advance technologically and socially."
One of the areas that instructors were concerned before the camp was the grade and age difference between the students: from 6 th grade to senior year in high school. It turns out that, given the number of students, the broad grade range was not any major issue among them. More senior students were assigned as team leader and they were handled the job assignment and in-team training of the junior students were well.
The Ingram School of Engineering is currently expanding its outreach to additional local high school districts in central Texas under different programs such as Project Lead The Way, collaboration with E3 Alliance, 2+2 degree program agreement with community colleges around the state, and sponsorship of Capital BEST robotics teams at the junior high and high school levels and First Lego League teams at lower levels. Dr. Hannah Gourgey has worked for over a decade in workforce development and education in Austin. At E3 Alliance, Dr. Gourgey facilitates regional efforts to increase college and career readiness among high school graduates and cultivates partnerships with schools, community and business organizations to help drive systems change in education throughout Central Texas. Prior to joining E3 Alliance, Dr. Gourgey worked at Skillpoint Alliance, first as Managing Director of the Community Technology Training Centers and then as Deputy Director and acting Executive Director for the organization. During her tenure at Skillpoint, Dr. Gourgey spearheaded the effort that launched the High School Graduate Data Center -a regional longitudinal research project dedicated to tracking Central Texas high school graduates after they leave high school. In addition to her work in the community, Dr. Gourgey has taught at the University of Louisville and the University of North Carolina Chapel Hill and The University of Texas at Austin. Dr. Gourgey holds degrees from Northwestern University, the University of North Carolina Chapel Hill, and the University of Texas at Austin.  Engineers apply many principles of physics  Making stuff and putting stuff together. I don't know much about it, so here to find out.  I really do not understand anything about manufacturing engineers or engineers in general but I am here to find out more about this program because it sounds interesting.  I don't know much about it but I like putting things together.  Building, Blueprints, software, prototyping.  I understand that engineering in general is based upon science and mathematics.  They are creative builders who without nothing creative would be designed.  I understand that manufacturing engineers use math and science generally.  Manufacturing Engineers come up with ways to facilitate production. I'm assuming they develop prototypes of products using different materials + methods of manufacturing in order to develop the most efficient (cost or supply wise) product possible.  Materials + methods of manufacturing in order to develop the most efficient (cost or supply wise) product possible. Engineers in general develop new ideas/methods of developing…  My understanding of engineers in general is making sure everything works, engineers are the ones who not only design things but test and check for safety hazards as well. If someone needs something fixed or built or a new design it seems to me they would find an engineer to do it. As for manufacturing engineers, I see them as the ones who make sure people can produce goods and work on the machinery to produce goods.  I honesty have no idea. The Middle school I went to was very small and didn't tell us anything about engineering.  Manufacturing and engineering both have a lot to do with art.  Engineers design and build things that make everyday life possible.
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 Listen to what they say  I think that there shouldn't be team management  I learned to listen to people's ideas and that compromises are the best way to resolve conflicts  It's much easier to do tasks if you have team mates to help you out. As far as team management sure it has its perks but it definitely takes more work to be in charge of everyone rather than just yourself.  everyone needs something to do, & they have to do it correctly, otherwise teamwork doesn't work  I learned that if you have no team work you won't be able to build anything leading is not about being in control. 5-Final words for the students that don't know anything about this program and want to decide if it is for them.  If the student wants to bring rigor to their ideas in engineering, then they need to consider this program in their lives  They should come to it. It's a whole lot of fun to be at Texas State!  It's fun  It is awesome  It was great and challenging  This program is an opportunity for prospect engineers to learn the ART of engineering.  Even if you don't want to be an engineer it's a good program to meet some friends have a good time and learn a lot in a good environment.  Go for it.  If you like or want to know more about engineering go to the camp.  This program is for students who want to learn about engineering through hands on experience
